In this study, the method of fuzzy multi-criteria decision-making is utilized for carrying out the assessment of axial-flow fan designs on the basis of competitive selection. The research results revealed that this evaluation method not only incorporates both the practicability and the objectivity, it can also assist decision-makers in carrying out a strategic decision in complex and uncertain environments. Through the results of flow-field analysis, designers can effectively master the trend of flow-field distribution for axial-flow fans.
Introduction
Nowadays product requirements by consumers are more and more changeable, and no single product can satisfy the preference of consumers. To cater to consumer demands, the designers must subjectively determine the most relevant conceptual design idea under limited time and resources. However, during the assessment of design concepts, any subjective perception will affect the selection and therefore the designers may fail to make the most objective decision.
To resolve this, the authors have constructed an assessment framework of product designs. And the fuzzy synthetic evaluation (FSE) method has been conducted for the evaluation of product designs. To reduce the uncertainty and vagueness during the selection of designs, the simulation software FLUENT has been used for carrying ICOI-2018 out the flow-field analysis (Ho,2009 ). In addition, to further understand the trend of flow-field distribution of axial fans (Hermes,2012) , performance curves were acquired by wind-tunnel testing according to AMCA 210-85 (Lin,2004) . The results have been compared with numerical ones to check the validity of this approach. The time for trial and error during product design and development is expected to be reduced by this approach and an objective and accurate result is obtained (Tsai,2007) . A ranking of design schemes has been generated based on the design characteristics, and thus the ideal design can be determined.
Governing Equations
In three-dimensional Cartesian coordinates, the flow field can be solved by governing equations of continuity, momentum, and energy. Based on fundamentals of the finitevolume method, the computational domain must be partitioned into many small control volumes. After a volume integral, the equations of mass, energy, and momentum of fluids can then be transformed into algebraic equations for numerical calculations.
Theory of turbulence model
Since turbulence causes the exchange of momentum, energy, and concentration between fluids, this causes fluctuations. Such fluctuations are of small scale and with a high frequency. Therefore, when simulating turbulent flows (Choi, 2012) , manipulations on the control equations are required for filtering out turbulence components which are at extremely high frequency or of extremely small scale (Owen, 2013) . However the modified equations may comprise variables which are unknown to us, while the turbulence model requires known variables to confirm these variables (Shih, 2008) .
The standard k −εturbulence model is selected for the calculation of flow fields in this study (Kennedy, 2013; 
Performance testing equipment for wind turbines
The main device of the performance testing equipment for fans is an outlet-chamber wind tunnel which conforms to AMCA 210-99. The principal parts include flow setting means, multiple nuzzles, flow-rate regulating devices (Chang,2010) , etc. The major function is to supply a good and stable flow field for measurement, and to acquire the complete performance curves(Lin,2012;Greenblatt,2012).
ICOI-2018
Calculation of flow rates
With the pressure difference between nozzle outlet and inlet (and) being measured, the flow rates on cross-sections of nozzles (shown in Fig. 1 ) can be obtained by the nozzle coefficients. For the calculation of the outlet flow rate of the fan under test, the effect of density variations must be considered (Hurault,2012) .
The equation for the calculation of flow rates in a test chamber with multiple nuzzles
Where 5 = the total flow rate measured by a bank of nozzles, CMM; Δ = the pressure difference across the nozzles, mm-Aq; 
Calculation of air pressures
The static pressure happens to be equal to the static pressure obtained at the outlet test chamber
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. This is only a special condition of said outlet test chamber when conducting the method of Type A (a test method with no duct at either the outlet or the inlet). When using different test methods or apparatus, the equation of the static pressure is thus more complicated. 
Method of measuring the performance curves of fans
With a fixed amount of power, the flow rate varies inversely proportional to the output air pressure. Since the efficiency of fans changes as the flow rate varies, a non-linear relationship between the flow rate and the air pressure exists and this forms the performance curve of fans. The measurement process is shown in Fig. 2 .
Case Verification and Analysis

Verification between numerical simulation and experiment testing
Mock-up samples were built for wind-tunnel testing and the results have been compared with those by simulation (as shown in Fig. 3 ). The geometric parameters of the final design are shown in Table 1 .
It is known from Table 2 that the simulation results obtained are about 3% lower than the counterparts by experiment testing. After further investigation, it was found that this mostly comes from the difference between the real-test environment and the simulation configuration (as shown in Fig. 4 ). Since the resistance of a fan varies at different points of operation and the average rotation speed during the entire testing ICOI-2018 process is 3% larger than design rotation speed, it is recommended increasing the rotation speed 2∼4% and this can compensate for the tolerance. Blade width at the hub 11
Hub thickness 23.5
Number of sections 31 Figure 3 : Solid geometry.
Design cases and comparison between simulation results
The observation from a plane above the impeller intake indicates that the stream line distribution of NO.3 at the inlet is greatly affected by the turbulent flow. On the contrary, ICOI-2018 (a) Pressure distribution on top and bottom covers. 
Conclusions and Suggestions
In this study, numerical analysis was performed to obtain the performance curve of the design model, and the results were further compared with the actual measurement results. Due to the maximum weight obtained, the NO.4 model proved to be the best design in all design options. The engineering evaluation needed for the overall design of any fan product can be focused on this approach by focusing on the overall overview of the design solution and new methods of evaluating performance. In other words, in addition to the improvement of the fan profile, the entire evaluation method has been improved, which involves related complexity. For further research, it is recommended to emphasize fan performance based on cost considerations. When redesigning fan products, the concept and structure of any new design can be studied through the evaluation methods proposed in this study, and the time and effort spent on actual testing can be reduced.
